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The present invention relates to a methpd of cou- 
pling radiation in an infrared detector, and an arrange- 
ment harefor. 

Long-wave infrared detectors based on quantum 
welts have been found to be axiremely responsive 
and efficient The performance of such infrared detec- 
tors is close to that achieved with commercial mer ca d- 
detectore, le. mercury cadmium teiluride-detectors. 
The wavelength response id a narrowband response, 
and can be selected between 3 and 15 micrometers. 

Infrared detectors, iR-detectors, which use quan- 
tum wells are comprised of a thin layer of, e.g., gallium 
arsenide (GaAs) surrounded by aluminium gallium ar- 
senide (AlGeAa).The most common type of IR-deteo- 
tor comprises 90 such quantum wells, each having a 
thickness of about 5 nm. 

When infrared radiation of the correct energy im- 
pinges on the detector, electrons are excited to a state 
in which they can move readily from Quantum well to 
quantum well, causing current to now. The 
wavelength at which the detector has Its maximum re- 
sponse may be varied intentionally, by appropriate 
choice ot the dimensions and chemical composition of 
the quantum wells. 

The most common detector is photoconducbve. it 
is also possible, however, to manufacture photovol" 
talc detectors. 

Quantum well detectors are either manufactured 
in accordance with the MOVPE-technlque (metal 
organic gasphasa epitaxy) or in accordance with 
MBE-technlque (molecular beam epitaxy). 

One serious problem common to quantum weH 
detectors that are based on so-called intersub band 
transitions in the conductor band is that they are sen- 
sitive solely to IR-cadiation whose electrical field vec- 
tor has a component which is perpendicular to the 
quantum-well plane. This limits the degree of quan- 
tum efficiency and renders the majority of detector 
configurations sensitive to polarization. In particular, 
the detector is not sensitive, or responsive, to radi- 
ation which rs incident perpendicular to the quantum- 
wall layer. 

The present invention solves this problem and 
provides a technique where the detector has a high 
degjee of quantum efficiency, irrespective of the 
angla of the incident radiation, and where the detector 
is not sensitive to the polarization direction of the radi- 
ation. 

Thus, the present invention relates to a method 
for coupling radiation In an infrared detector of the 
type which uses quantum wells that are comprised of 
thin layers of, e.g., gallium arsenide (GaAs) surroun- 
ded by aluminium gallium arsenide (AIGoAa), and i© 
characterized in that a two-dimensional reflection 
grating, a so-called crossed grating, is formed in the 
top of the mesa of the detector, i.e. the quantum-well 
structure of the detector, on the side opposite to the 
surface through which incident light enters the detec- 



tor, said grating causing the incident light to spread In 
different directions. 

The invention also relates to an arrangement of 
the kind defined In Claim 5 and having the character* 
9 st)c features set forth therein. 

The invention wil now be described in more de- 
taa, pardy with reference to an exemplifying embodi- 
ment thereof ilustrated in the accompanying drawing, 
in which 

?p - Figure 1 is a perspective, partially cut-away 
view of a detector In which the Invention Is em- 
ployed; 

- Figure 2 is an explanatory drawing, in which the 
grating shown in Figure 1 is ilustrated from be- 
ta neath; and 

- Figure 3 Is a cross-sectional view of a structure 
according to Figure 1. 

Figure 1 illustrates a detector in which the inven- 
tion is applied. The detector is an Infrared detector 
20 which functions to detect Infra red radiation. The de- 
tector b of the kind which uses quantum wells, said 
wells comprising thin layers of. e.g.. gallium arsenide 
(GaAs) surrounded by aluminium gallium arsenide 
(AlGaAs). In Figure 1 , the reference numeral 1 idert- 
26 titles a multiple of such quantum-well layers. For inst- 
ance, the layer may comprise 50 thin layers of GaAs 
and AIGaAs which together have a thickness of 1.7 
micrometers. A respective contact layer 2 and 3 is 
provided beneath and above the quanturrvwell layer. 
30 The detector is built-up on a substrate 4 of semi-in- 
sulating gallium arsenide (GaAs). Incident light Is In- 
tended to impinge from beneath in Figure 1 , as shown 
by the arrow 5. 

In accordance with the invention, there is pre- 
ss vided a two-dimensional reflection grating 6, a so-cal- 
led crossed grating or douWy-penodic grating, on the 
top of the detector mesa 1 of the detector, i.e. on the 
quantum-well structure of the detector, on the side op- 
posite to that surface 7 through which incident light 5 
40 is intended to enter the detector. The reflection grating 
Is comprised, for instance, of etched gallium arsenide 
with an Overlying metal layer. The grating 6 is inten- 
ded to spread the Incident light in different directions. 
The grating is constructed so as to spread light In 
45 four directions, namely (1.0). (- O.Q) KM) and (0, -1). 
These directions are designated (1 Objections in the 
following. In order to achieve good absorption, it is 
optimum to lie close to the so-called cutoff of these di- 
rections, where the spread angle is dose to 90° and 
so the wavelength In vaccum is equal to N x d, where N 
is the refraction index and d is the grating constant 

However, the spread radiation may either be TE 
(transverse electric) with the electric held vector lying 
parallel with the quantum well plane and the grating 
G$ plana. There is no quantum-well absorption in this 
case. Alternatively, thB field vector may be directed 
perpendicularly to this direction, Le. TM (transverse 
magnetic), in which case quantum-well absorption will 
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take place. The dimensions of the crossed grating can 
be chosen by the skilled person so that spread radi- 
ation with TM-polarization is enhanced at the cost of 
radiation with TE-potarteatton, which optimizes 
absorption. 

Furthemwe. reflexes with the order (0 0) can be 
minimized since this does not give rise to absorption 
either. 

The sloredescribad is aiustrated in Figure 2, 
which shows the grating from beneath and which In- 
dicates th« direction of incident light with the anew 5. 
Incident light or radiation may be non-polarized or 
polarized. In both cases, the electric field can be di- 
vided into an x-component (Ex), which te Indicated by 
a solid line 6 between two solid circles, and a y-com- 
ponent (Ey) which "s indicated wtth a solid line 9 be- 
tween two hd!ow squares. The magnitude and 
drecfion of the electric field are given respectively by 
the length and the direction of the solid lines. 

As shown in Figure 2, the Incident radiation, 
whose field vector is paraQel wtth the grating plane, ie 
converted by the influence of the grating so that a 
large component TTW-radiabon, where the fieid vector 
ie perpendicular to the grating plana, is formed and 
thus give rise to absorption; see the beams 10, 1 1. In 
the case of the spread light the electrical fields origi- 
nating from the x-dlrection of the incident radiation ana 
shown as such, i.e. with a solid line between two sol- 
ids circles, whBreas the electric fields originating from 
the y-direcbon are shown with a sol id line between two 
hollow squares. 

in this way. the grating couples the incident radi- 
ation e ff ec tively to the quantum wetts through said re- 
flection. 

Consequently, the grating renders the detector in- 
sensitive to how the incident radiation is polarized. 

According to one preferred embodiment, the 
crossed grating is configured with square or hexagon- 
al symmetry. This renders the detector totally insen- 
stive to the polarization of the incident light 

It can be shown that the precise form of the grat- 
ing profile is not crfcioal in obtaining a high degree of 
quantum efficiency. 

For example, the grating may consist of paral- 
lel e piped ic bodies, as illustrated in Figure 1. measur- 
ing 0.9 x 2.1 x 2.1 micrometers. 

The grating, however, may alternatively comprise 
circular bodies in the plane of the grating, or bodies 
of some other shape. 

Although not shown, a metal layer is provided 
above the grating for reflecting the incident light that 
falls onto the grating back onto the quantum-well layer 
1. This layer wll be b good conductor, for instance a 
gold, silver or aluminium layer. 

According to one most preferred embodiment, a 
so-called dadoing layer 14, La. a mirror having a low 
retraction index. Is mounted beneath the quantum- 
well structure 1. This layer may be an aluminium ar- 



senide layer or, alternatively, an aluminium gallium ar- 
senide layer. The layer 14 has a low refraction index, 
which gives total reflection. Figure 3 illustrates how in- 
elder* light or radiation 5 is reflected onto the grating 

5 6 and onto the cladding layer 14. causing the light to 
pass through the quantum wells a number of times, 
thereby greeting increasing the degree of quantum ef- 
ficiency. Thus, it is highly preferable to combine the 
grating wtth said cladding layers. The grating and the 

10 cladding layer therewith define a waveguide. The 
cladding layer may have a thickness of 3 micrometers 
for Instance. 

According to an alternative embodiment there Is 
no layer corresponding to the said layer 14, but the 

1B mirror consists of the ambient atmosphere, where the 
refraction index of the atmosphere gives total reflec- 
tion. The atmosphere can for example be air or any 
other suitable gas. 

According to this embodiment there is no dad- 

20 ding layer 14 and there is no substrate 4. Instead the 
control layer 2 forms the underside. However, a thin 
layer of galium arsenide (AlGaAs) can be applied on 
the contact layer 2, which layer of AlGaAs then forms 
the underside of the structure. 

26 A degree of quantum efficiency as high as 80- 

90% is obtained with the described method and ar- 
rangement 

The reflection grating 6 together with the cladding 
layer 14 also greatly reduces the occurrence of so- 
so called cross-talk between adjacent detector elements 
In an array of such elements. 

It Is obvious that the present invention solves the 
problems mentioned In the Introduction. 

A number of exemplifying embodiments have 
3$ been described in the aforegoing. It will be under- 
stood, however, that the arrangement can be modified 
with respect to material, the configuration of the grat- 
ing, etc., without departing from the inventive concept 
of using a grating to enhance the degree of quantum 
40 efficiency. The present invention snail not therefore 
be considered restricted to the eforedescr&ed and Il- 
lustrated exemplifying embodiments thereof, since 
modifications can be made within the scope of the fol- 
lowing claims. 

45 

Claims 

1 . A method for coupl ing radiation in an Infrared de- 
50 tector of the kind that uses quantum wells which 
comprise thin layers of, e.g., gaQium arsenide 
(GaAa) surrounded by aluminium gallium ar- 
senide (AlGaAs), characterised by a two-dimen- 
sional reflection grating (6). a so-called crossed 
55 grating, constructed on the top of the mesa of the 

detector on the side opposite to the surface 
through which incident light (3) ie Intended to en- 
ter the detector, aaid grating (6) being caused to 



3 



01 11/30 FRE 12:34 FAX 46 586 85742 



BOFORS SUPPORT PAT&TM CARL-GORAN 



®004 



5 EP 0 508 970 A1 6 

spread the incident light in different directions. 

2. A method according to Claim 1 , characterized by 
constructing ma grating (6) to spread tight in four 

(1 0)-direction3, preferably dose to the so-called 3 
mt-ofF of said (1 Oy-dtreetkona. where the spread 
angle is cloee to 80°. 

3. A method according to Claim 1 or 2, charac- 
terized by that a mirror of low refraction index is 10 
present beneath the quantum-well structure (1), 
preferably a so-called cladding layer (14). 

4. A method according to Claim 1, 2 or 3, charae- 
tarlxAd by giving the crossed grating (6) a quad- 15 
ratio or hexagonal cymmatry. 

5. An infrared detector for detecting infrared radi- 
ation, said detector being of the kind which uses 
quantum wet la that are comprised of thin layers 20 
of. e.g.. gallium arsenide (GaAs) surrounded by 
aluminium gallium arsenide (AlGaAs). charac- 
terized in that a two-dimensional reflection grat- 
ing (8), a so-called crossed grating, Is located on 

the top of the mesa of the detector on that side 25 
which is opposSe to the surface through which in- 
cident light (5) is intended to enter the detector, 
said grating ($) being constructed to spread the 
incident light m different directions. 

90 

6. An Infrared detector according to Claim 5, 
characterized in that the grating (6) is construc- 
ted to spread light In four <t Oj-direcfoms. prefer- 
ably close to the so-called cut-off of the (1 
Oydirections, where the spread angle is close to 55 
90*. 

7. An Infrared detector according to Claim 5 or 6. 
characterized in that a so-called cladding layer 
(14), i.e. a mirror of low refraction index, is pro- 40 
Vtded beneath the quantum-well structure (1). 

8. An infrared detector according to Claim 5. 6 or 7 
characterized in that the crossed grating (6) is 
constructed with square or hexagonal symmetry. 46 
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